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Composite  anodes  of  LaojsSro^sCro.sMno.sOa-d— Ceo.sSmo^Oi.g  (LSCM-SDC)  were  prepared  and  investi¬ 
gated  as  anode  materials  for  intermediate-temperature  solid  oxide  fuel  cells  (IT-SOFCs)  with  YSZ  elec¬ 
trolyte.  Results  showed  that  the  addition  of  SDC  significantly  enhanced  the  electrochemical  performance 
of  LSCM  anode.  The  anode  containing  40  wt.%  SDC  demonstrated  optimal  performance.  The  polarization 
resistance  and  anodic  overpotential  (at  a  current  density  of  0.05  A  cm-2)  of  this  anode  were  0.95  Q  cm2 
and  0.12  V  in  H2  at  800  °C,  respectively,  whereas  those  of  pure  LSCM  anode  were  3.66  Q  cm2  and  0.38  V, 
respectively.  The  electrochemical  performance  of  the  LSCM— 40SDC  composite  anode  was  further 
improved  when  a  thin  SDC  interlayer  was  coated  between  the  anode  and  YSZ  electrolyte.  The  resulting 
polarization  resistance  and  anodic  overpotential  with  the  SDC  interlayer  were  0.30  Q  cm2  and  0.035  V  in 
H2  at  800  °C,  demonstrating  a  reduction  by  factors  of  3.2  and  3.4,  respectively.  The  impedance  data 
displayed  that  the  coated  SDC  interlayer  mainly  affected  the  low  frequency  electrode  process,  indicating 
that  the  SDC  interlayer  played  an  important  role  in  the  promotion  of  the  dissociation  and  diffusion 
processes  of  H2  oxidation  reaction. 

©  2013  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Solid  oxide  fuel  cells  (SOFCs)  are  highly  promising  energy  con¬ 
version  devices  because  of  their  high  conversion  efficiency,  low 
pollutant  output,  and  great  fuel  flexibility  [1],  At  present,  the 
development  of  SOFCs  is  mainly  based  on  yttria-stabilized  zirconia 
(YSZ)  electrolyte  due  to  its  high  oxide  ion  conductivity,  good  ther¬ 
mal  and  chemical  stability  and  high  mechanical  strength  [2].  The 
most  common  anode  material  for  YSZ-based  SOFCs  is  Ni/YSZ 
cermet,  where  Ni  displays  excellent  catalytic  activity  to  fuel 
oxidation  and  high  electronic  conductivity,  and  YSZ  provides  ionic 
conductivity  and  structural  support  3].  However,  this  material  also 
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exhibits  some  disadvantages,  such  as  agglomeration  and  coars¬ 
ening  of  the  Ni  phase  after  long-term  operation,  carbon  deposition 
in  hydrocarbon  fuel  applications,  and  low  sulfur  tolerance  resulting 
from  NiS  formation  [4-6]. 

To  overcome  the  disadvantages  of  Ni/YSZ  anode,  several  Ni- 
free  oxides  such  as  ceria-based,  LaCr03-based,  and  SrTi03- 
based  oxides  have  attracted  significant  attention  as  alternative 
anodes  [7-9].  Among  them,  LaCr03-based  oxides  have  been 
extensively  investigated  as  interconnect  materials  for  SOFCs 
because  of  their  high  redox  stability  even  at  high  temperatures 
(e.g.,  1000  °C)  [1].  Recently,  Sfeir  et  al.  [10,11]  studied  the  cata¬ 
lytic  activity  and  thermodynamic  stability  of  substituted 
lanthanum  chromites.  They  found  that  the  A-site  substitution  of 
Ca  and  Sr  and  the  B-site  substitution  of  Mn  and  Fe  improve  the 
catalytic  activity.  Meanwhile,  Sr  and  Mn  substitution  maintains 
the  stability  of  the  perovskite,  whereas  the  others  destabilize  the 
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system.  The  performance  of  the  most  commonly  studied  mate¬ 
rial,  Lao.75Sr0.25Cro.5Mn0.503_(5  (LSCM),  is  comparable  with  that  of 
Ni/YSZ  in  both  H2  and  CH4  [2,12]. 

Creation  of  composite  anodes  is  a  good  way  to  enhance  the 
catalytic  activity  and  reduce  the  polarization  resistance  of  anodes. 
Moreover,  composite  anodes  have  thermal  expansion  coefficients 
(TECs)  that  match  those  of  other  cell  components.  The  perfor¬ 
mance  of  LSCM  anode  can  be  improved  by  adding  YSZ  electrolyte 
to  produce  a  composite  anode  [13].  The  optimum  performance 
was  achieved  with  50-60  wt.%  LSCM  contents  sintered  at  1200  °C. 
In  addition,  composites  such  as  LSCM-Gdo.iCeo.g02-<5  (GDC) 
[14,15]  and  LSCM-La0.2Ce0.8O2-<5  (LDC)  [16]  are  also  well-known 
examples.  It  is  widely  accepted  that  composite  anodes  can 
expand  the  reaction  zone  beyond  the  three-phase  boundary  (TPB) 
and  improve  the  adhesion  between  the  anode  and  electrolyte, 
resulting  in  enhanced  anode  performance  [17-19].  Murray  et  al. 
[20]  reported  that  introducing  a  ceria-based  interlayer  between 
the  anode  and  electrolyte  can  enhance  the  anode  performance. 
A  (Y203)o.i5(Ce02)o.85  (YDC)  interlayer  deposited  on  YSZ  electro¬ 
lyte  can  reduce  the  polarization  resistance  of  Ni/YSZ  anode  by  a 
factor  of  ~6. 

Previous  studies  have  reported  that  Sm-doped  ceria  (SDC)  has  the 
highest  ionic  conductivity  among  the  singly  doped  ceria  [21-23].  In 
the  present  study,  LSCM-SDC  composite  anodes  were  fabricated  and 
investigated  as  anode  materials  for  intermediate-temperature  SOFCs 
with  YSZ  electrolyte.  The  optimal  SDC  content  was  identified  to 
exhibit  the  best  performance.  Furthermore,  we  evaluated  the  effect  of 
the  SDC  interlayer  on  the  electrochemical  performance  of  the  pre¬ 
pared  LSCM-SDC  composite  anode. 

2.  Experiment 

2.1.  Powder  synthesis 

LSCM  and  SDC  powders  were  synthesized  using  a  conventional 
solid  state  reaction  method.  Stoichiometric  amounts  of  La203 
(99.5%),  SrC03  (99.0%),  Cr203  (99.9%),  MnC03  (99.0%),  Ce02 
(99.99%),  and  Sm203  (99.99%)  were  mixed  in  distilled  water  and 
then  milled  for  8  h.  After  drying  and  grinding,  the  powders  were 
calcined  at  1400  °C  for  24  h  and  at  1200  °C  for  2  h,  respectively.  The 
LSCM-xSDC  (x  =  10—50  wt.%)  composite  anodes  were  prepared  by 
mixing  and  milling  as-synthesized  LSCM  and  SDC  powders  with 
appropriate  weight  ratio. 

2.2.  Sample  preparation 

YSZ  was  selected  as  the  electrolyte  and  prepared  by  the  solid 
state  reaction  method.  Y2O3  (99.99%)  and  Zr02  (99.9%)  were  used  as 
starting  materials.  After  milling,  granulation  and  dry  pressing 
processes,  the  pellets  were  sintered  at  1600  °C  for  4  h  to  yield  the 
electrolyte  with  16  mm  in  diameter  and  1.2  mm  in  thickness. 

A  mixture  of  ethyl  cellulose  and  terpinol  was  used  to  prepare  the 
SDC  slurry  and  LSCM-xSDC  composite  anode  slurry.  The  composite 
anode  slurry  was  printed  on  both  sides  of  the  YSZ  electrolyte  with  a 
surface  area  of  0.5  cm2  by  screen  printing  method  and  then  calcined 
at  1300  °C  for  2  h  in  air.  The  SDC  interlayer  between  the  composite 
anode  and  electrolyte  was  prepared  in  the  same  manner.  The  YSZ 
pellet  was  sequentially  coated  with  the  SDC  slurry  and  composite 
anode  slurry  by  screen  printing  method  and  then  sintered  together 
at  1300  °C  for  2  h  in  air.  Ag  paste  as  the  current  collector  and  the 
reference  electrode  was  painted  onto  the  electrode  and  electrolyte 
surfaces.  The  reference  electrode  was  placed  approximately  3  mm 
away  from  the  working  electrode.  The  painted  Ag  was  heated  at 
750  °C  for  0.5  h  in  air. 


LSCM-xSDC  powders  were  pressed  to  form  a  bar  with  di¬ 
mensions  of  3  mm  x  5  mm  x  50  mm  and  then  sintered  at  1300  °C 
for  2  h  to  investigate  the  thermal  expansion  and  electrical  con¬ 
ductivity  of  the  composite  anodes. 

2.3.  Characterization 

The  crystal  structure  of  the  synthesized  powders  was  charac¬ 
terized  by  X-ray  diffraction  (XRD,  ARL  X’TRA  diffractometer)  with 
Cu  Ka  radiation  (A  =  0.15418  nm).  The  diffractometer  was  operated 
at  40  kV  and  35  mA  in  the  26  range  of  20° -80°.  The  microstructure 
of  the  cross-section  was  evaluated  by  scanning  electron  microscopy 
(SEM,  Model  JSM-5900)  at  an  accelerating  voltage  of  15  kV.  The 
working  distance  was  10  mm  and  secondary  electron  signal  was 
used  for  imaging. 

The  thermal  expansion  of  the  composite  anodes  was  analyzed 
by  a  dilatometer  (RPZ-01,  Luoyang,  China)  in  air  from  25  °C  to 
800  °C  at  a  heating  rate  of  5  °C  min-1.  The  electrical  conductivity  of 
the  anodes  was  measured  by  a  conventional  DC  four-probe  method 
from  200  °C  to  800  °C  in  air. 

The  electrochemical  performance  of  the  anodes  was  investi¬ 
gated  by  an  electrochemical  workstation  (PARSTAT  2273)  from 
650  °C  to  800  °C  in  wet  H2.  The  electrochemical  impedance  spectra 
(EIS)  were  measured  by  a  symmetric  cell  in  the  frequency  range  of 
0.01  Hz  to  100  kHz  with  an  AC  amplitude  of  10  mV.  The  impedance 
spectra  were  analyzed  by  the  equivalent  circuit  of  ZSimpWin 
software.  The  anodic  polarization  was  tested  by  a  three-electrode 
system  at  800  °C.  The  electrochemical  measurements  were  con¬ 
ducted  in  wet  H2  at  a  flow  rate  of  30  mL  min-1,  which  was 
controlled  by  a  mass  flow  meter  (Sevenstar  D07-19B). 

3.  Results  and  discussion 

3.1.  Crystal  structure  and  chemical  compatibility 

The  XRD  patterns  of  the  SDC  and  LSCM  powders  are  shown  in 
Fig.  1.  The  SDC  powder  exhibits  corresponding  cubic  fluorite 
structure  phase  with  a  slight  Sm203  peak  after  calcining  at  1200  °C 
for  2  h.  The  pattern  of  LSCM  in  Fig.  1  is  identical  to  the  LSCM  re¬ 
ported  by  Tao  et  al.  [2],  indicating  the  appearance  of  perovskite 
structure  phase.  Although  several  slight  peaks  are  observed  (La203 
and  Mn1.5Cr1.5O4),  their  influence  on  the  performance  of  anodes  is 
negligible  because  of  their  minimal  content. 
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Fig.  1.  XRD  patterns  of  the  LSCM,  SDC  and  composite  LSCM-SDC  powders. 
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The  LSCM  powder  was  mixed  with  the  SDC  powder  at  a  1:1 
weight  ratio  and  then  calcined  at  1300  °C  for  2  h  to  investigate  the 
chemical  compatibility  of  LSCM  with  SDC.  The  XRD  pattern  of  the 
composite  LSCM-SDC  powder  is  shown  in  Fig.  1.  No  phase  change 
and  no  secondary  phase  appear  after  heat  treatment,  indicating 
that  LSCM  has  good  chemical  compatibility  with  SDC. 


3.2.  Thermal  expansion 


The  TECs  of  SOFCs  components  should  match  with  each  other  to 
avoid  causing  internal  stress  and  cracking,  which  strongly  affect  the 
stability  and  lifetime  of  SOFCs.  The  thermal  expansion  curves  of  the 
LSCM-xSDC  anodes  calcined  at  1300  °C  from  25  °C  to  800  °C  in  air 
are  shown  in  Fig.  2.  The  thermal  expansion  of  all  composite  anodes 
exhibits  a  linear  increase  with  the  elevated  temperature.  The 
average  TECs  were  calculated  from  the  thermal  expansion  data 
according  to  the  following  equation: 


a 


d  L  1 

—  x  — - — 

Lq  T2  -  Ti 


(1) 


where  a  is  the  average  TEC  in  the  temperature  range  of  T\  to  T2,  L0  is 
the  initial  length  of  the  sample  and  dL  is  the  change  in  the  length  of 
the  sample  in  the  temperature  range  of  T\  to  T2. 

The  average  TECs  calculated  from  the  thermal  expansion  data 
are  listed  in  Fig.  2.  The  TECs  of  the  LSCM-xSDC  anodes  range  from 
11.79  X  10“6  K-1  to  11.59  X  10“6  K_1,  whereas  that  of  LSCM  is 
11.63  x  10-6  K“\  indicating  that  the  effect  of  SDC  on  the  TECs  of  the 
composite  anodes  is  negligible.  Jiang  et  al.  [13]  reported  that  the 
TEC  of  LSCM  is  11.4  x  1CT6  K  '  after  sintering  at  1200  °C  for  2  h.  The 
TEC  value  strongly  depends  on  the  porosity  of  sample,  while  the 
porosity  of  anodes  should  be  more  than  30%  to  obtain  effective 
reaction  area  and  gas  channel  [24].  High  porosity  complicates  the 
determination  of  changes  in  TEC.  Moreover,  Zheng  et  al.  [23]  re¬ 
ported  that  the  TEC  of  SDC  is  12.62  x  10-6  K-1,  which  is  close  to  that 
of  LSCM.  This  result  indicates  that  the  TECs  of  all  composite  anodes 
are  not  significantly  different  from  that  of  pure  LSCM. 


3.3.  Electrical  conductivity 

A  previous  study  reported  that  the  electrical  conductivity  and 
activation  energy  (Ea)  of  LSCM  are  38.6  S  cm-1  at  900  °C  and 
0.21  eV  between  92  °C  and  900  °C  in  air  [2],  respectively.  The 


Arrhenius  plots  of  the  conductivity  of  the  LSCM-xSDC  composite 
anodes  in  air  are  shown  in  Fig.  3.  A  linear  relationship  exists  be¬ 
tween  ln(oT)  and  1000 /T-1  for  all  anodes,  and  the  Ea  values 
calculated  from  the  slope  of  the  plots  range  from  0.199  eV  to 
0.213  eV,  indicating  that  the  electrical  conductivity  of  all  anodes  is 
generally  attributed  to  small  polaron  hopping  mechanism.  The 
conductivity  of  LSCM  and  LSCM-xSDC  (x  =  10-50  wt.%)  at  800  °C 
are  32.1,  15.4,  11.1,  3.69,  2.08,  and  0.35  S  cm-1,  respectively, 
demonstrating  that  the  decreased  conductivity  of  the  anodes  with 
increasing  SDC  content. 


3.4.  Electrochemical  performance 

The  EIS  of  the  LSCM-xSDC  anodes  at  800  °C  in  wet  H2  at  open 
circuit  potential  are  shown  in  Fig.  4.  The  EIS  were  fitted  by  the 
equivalent  circuit  of  R0hm(Q.i^i)(Q2^2).  ftohm  is  the  total  ohmic 
resistance  of  the  cell,  including  the  electrolyte,  electrodes,  current 
collectors,  and  lead  wires,  corresponding  to  the  intercept  on  the 
real  axis  at  high  frequency,  fti  and  ft2  are  the  electrode  polarization 
resistances  at  high  and  low  frequencies,  respectively.  The  anode 
polarization  resistance  ftp  is  the  sum  of  fti  and  ft2.  The  ft0hm  in  the 
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A  LSCM-20SDC 
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Fig.  4.  Impedance  spectra  of  the  LSCM-xSDC  anodes  at  800  °C  in  H2. 
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EIS  was  subtracted  to  directly  compare  the  Rp  of  different  anodes.  It 
can  be  seen  the  addition  of  SDC  significantly  reduces  the  Rp  of  LSCM 
anode.  The  Rp  of  the  LSCM-xSDC  composite  anodes  initially  de¬ 
creases  and  then  slightly  increases  with  increasing  SDC  content, 
reaching  a  minimum  at  40  wt.%  SDC. 

The  Rp  values  of  anodes  calculated  from  the  EIS  at  650-800  °C 
are  provided  in  Table  1.  The  Rp  of  LSCM  anode  at  various  tem¬ 
peratures  is  markedly  reduced  by  adding  SDC.  The  lowest  Rp 
value  is  0.95  O  cm2  at  800  °C  when  the  SDC  content  of  the 
composite  anode  is  40  wt.%,  whereas  the  Rp  of  pure  LSCM  anode 
is  3.66  Q  cm2.  Deleebeeck  et  al.  [25]  reported  that  the  Rp  of 
Lao.8Sro.2Cr0.5Mn0.503_(5  anode  decreases  from  8.6  Q  cm2  to 
0.74  Q  cm2  at  800  °C  in  H2  when  the  anode  is  mixed  with  50  wt.% 

GDC.  Ruiz-Morales  et  al.  [17]  reported  that  the  Rp  of  LSCM  under 
humidified  5%  H2  exhibits  a  significant  improvement  for  the 
50:50  composite  of  YSZ  and  GDC.  The  Rp  is  reduced  from 
1.8  Q  cm2  to  0.8  Q  cm2  at  950  °C. 

The  lower  RP  of  the  composite  anodes  compared  with  pure 
LSCM  anode  is  attributed  to  the  increase  in  ionic  conductivity  and 
catalytic  activity  towards  H2  oxidation  that  occurs  by  adding  SDC 
[26].  Furthermore,  the  addition  of  SDC  may  improve  the  adhesion 
between  YSZ  electrolyte  and  anode  [25].  However,  LSCM-50SDC 
exhibits  slightly  higher  Rp  than  LSCM— 40SDC  because  of  the  low 
electrical  conductivity  of  SDC,  resulting  in  a  slow  charge  transfer 
process  [16].  Considering  the  low  electrical  conductivity  of  LSCM- 
50SDC  and  the  results  in  Fig.  3,  we  selected  LSCM-40SDC  as  the 
optimal  anode. 

Fig.  5  shows  the  polarization  overpotential  of  the  LSCM-xSDC 
anodes  at  800  °C  in  wet  H2.  The  LSCM-40SDC  anode  exhibits  the 
lowest  overpotential,  corresponding  to  the  result  of  EIS  in  Fig.  4.  § 

The  anodic  overpotential  values  of  the  LSCM-xSDC  anodes  at  a  Cf 
current  density  of  0.05  A  cm-2  at  800  °C  are  approximately  0.22,  ^ 

0.18,  0.17,  0.12,  and  0.13  V,  respectively,  which  are  considerably 
lower  than  that  of  pure  LSCM  (0.38  V).  Babaei  et  al.  [27  reported 
that  the  polarization  performance  of  Lao.7Cao.3Cro.5Mno.5O2.6- 
GDC  strongly  depends  on  sintering  temperature.  The  over¬ 
potential  value  for  the  anode  sintered  at  1200  °C  is  approxi¬ 
mately  0.10  V  at  a  current  density  of  0.05  A  cm-2  and  a 
temperature  of  800  °C. 

3.5.  Effect  of  SDC  interlayer  on  electrochemical  performance 

The  EIS  of  the  LSCM-40SDC  anodes  without  and  with  the  SDC 
interlayer  are  shown  in  Fig.  6.  The  impedance  data  were  obtained  at 
800  °C  in  wet  H2  at  open  circuit  potential.  It  is  observed  that  the  Rp 
of  the  LSCM— 40SDC  anode  is  significantly  reduced  by  a  factor  of  3.2 
with  the  SDC  interlayer. 

The  EIS  in  Fig.  6  consist  of  two  arcs,  i.e.  a  small  high  frequency 
arc  and  a  large  low  frequency  arc.  The  polarization  resistance  of  the 
high  frequency  arc  (fti)  is  related  to  charge  transfer  process, 
whereas  that  of  the  low  frequency  arc  (ft2)  is  related  to  dissociation 
and  diffusion  processes  [28]. 

The  fti,  ft2  and  Rp  of  the  LSCM-40SDC  anodes  without  and  with 
the  SDC  interlayer  obtained  from  the  fits  to  the  EIS  are  listed  in 


Fig.  6.  Impedance  spectra  of  the  LSCM-40SDC  anodes  without  and  with  the  SDC 
interlayer  at  800  °C  in  H2. 


Table  2 

Polarization  resistance  of  the  LSCM-40SDC  anodes  without  and  with  the  SDC 
interlayer  obtained  from  the  fits  to  the  EIS. 


T  (°C) 

LSCM- 

40SDC 

LSCM— 40SDC  with 
SDC  interlayer 

R 1 

(Q  cm2 

*2 

)  (Q  cm2) 

RP 

(Q  cm2) 

Ki 

(Q  cm2 

*2 

)  (Q  cm2) 

Kp 

(Q  cm2) 

700 

0.16 

2.65 

2.81 

0.14 

0.85 

0.99 

750 

0.09 

1.52 

1.61 

0.08 

0.40 

0.48 

800 

0.08 

0.87 

0.95 

0.06 

0.24 

0.30 

Table  1 

Polarization  resistance  of  the  LSCM— SDC  composite  anodes  at  650—800  °C  in  H2. 

T  (°C)  Polarization  resistance  (Q  cm2) 

LSCM  LSCM— 10SDC  LSCM— 20SDC  LSCM— 30SDC  LSCM— 40SDC  LSCM— 50SDC 

650  11.7  5.78  5.64  5.38  5.11  5.24 

700  8.76  3.94  3.57  3.09  2.81  2.90 

750  5.60  2.52  2.17  1.84  1.61  1.69 

800  3.66  1.80  1.45  1.19  0.95  1.04 
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Fig.  7.  SEM  image  of  the  cross-section  of  the  LSCM-40SDC  anode  with  the  SDC 
interlayer. 


Table  2.  R2  is  considerably  higher  than  R\  at  various  temperatures, 
implying  that  the  dissociation  and  diffusion  processes  are  the  rate- 
limiting  steps  for  hydrogen  electrochemical  oxidation  reaction.  The 
R2  of  the  LSCM-40SDC  anode  is  markedly  reduced  as  the  SDC 
interlayer  is  introduced  between  the  anode  and  YSZ  electrolyte, 
indicating  that  the  SDC  interlayer  plays  an  important  role  in  pro¬ 
moting  the  dissociation  and  diffusion  processes  of  H2  oxidation 
reaction.  The  SDC  interlayer  is  beneficial  for  several  reasons.  First,  it 
exhibits  mixed  ionic  and  electronic  conductivity  in  reducing  envi¬ 
ronment  due  to  the  reduction  of  Ce4+  to  Ce3+,  which  expands  the 
reaction  zone  beyond  the  TPB.  Second,  the  ionic  conductivity  of  SDC 
is  higher  than  that  of  YSZ  at  intermediate  temperature  (600- 
800  °C),  which  improves  the  transport  of  oxygen  ions  from  the 
electrolyte  to  the  anode  [20]. 

The  SEM  image  of  the  cross-section  of  the  LSCM-40SDC 
anode  with  the  SDC  interlayer  is  shown  in  Fig.  7.  The  YSZ  elec¬ 
trolyte  is  dense  and  uniform.  The  LSCM-40SDC  anode  and  SDC 
interlayer  have  suitable  porosity.  The  thicknesses  of  the  porous 
LSCM-40SDC  anode  and  SDC  interlayer  are  approximately  20 
and  10  pm,  respectively.  The  interfaces  of  the  electrolyte-inter¬ 
layer  and  interlayer-anode  exhibit  good  adhesion.  In  addition, 
the  anode  with  a  high  SDC  content  shows  area  contact  between 
small  particles,  resulting  in  the  lower  contact  resistance  and 
better  electrochemical  performance  of  the  LSCM-40SDC  anode 
with  the  SDC  interlayer. 

The  promotion  of  H2  oxidation  reaction  by  adding  the  SDC 
interlayer  is  also  demonstrated  by  the  polarization  curves  (Fig.  8). 
The  anodic  overpotential  of  LSCM-40SDC  with  the  SDC  inter¬ 
layer  is  0.035  V  at  a  current  density  of  0.05  A  cm-2  at  800  °C, 
which  is  3.4  times  lower  than  that  of  LSCM-40SDC  without  the 
SDC  interlayer. 

4.  Conclusions 

LSCM-SDC  composite  anodes  were  fabricated  and  investigated 
as  anode  materials  for  IT-SOFCs  with  YSZ  electrolyte.  The  XRD 
patterns  showed  that  the  perovskite  material  LSCM  and  the  cubic 
fluorite  material  SDC  were  synthesized  by  the  solid  state  reaction 
method  and  that  LSCM  had  good  chemical  compatibility  with  SDC 
at  temperatures  up  to  1300  °C.  The  addition  of  SDC  had  no  signif¬ 
icant  effect  on  the  thermal  expansion  but  decreased  the  conduc¬ 
tivity  of  composite  anodes.  SDC  played  important  roles  in 
enhancing  the  electrochemical  performance  of  LSCM.  The 


Fig.  8.  Anodic  overpotential  of  the  LSCM-40SDC  anodes  without  and  with  the  SDC 
interlayer  at  800  °C  in  H2. 


polarization  resistance  and  anodic  overpotential  (at  a  current 
density  of  0.05  A  cm-2)  in  H2  at  800  °C  of  the  optimal  anode, 
LSCM— 40SDC,  reduced  by  factors  of  3.9  and  3.2,  respectively,  when 
compared  with  pure  LSCM.  Furthermore,  the  electrochemical  per¬ 
formance  of  the  composite  anode  was  improved  by  introducing  a 
thin  SDC  interlayer  between  the  anode  and  YSZ  electrolyte.  The  SDC 
interlayer  mainly  decreased  the  polarization  resistance  associated 
with  low  frequency,  indicating  that  the  SDC  interlayer  significantly 
promoted  the  dissociation  and  diffusion  processes  of  H2  oxidation 
reaction. 
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